The objective of this study was to identify the number and subtypes of homicide-suicides in the United States by age group and state over a 3-year period from 1997 through 1999. A total of 673 homicide-suicides, including 674 perpetrators and 779 victims, were identified from Internet searches of 191 national newspapers, and they were classified according to a modified Hanzlick-Koponen typology. One quarter of the homicide-suicides were perpetrated by persons 55 years or older, and 77% were spousal/consortial, higher than the 57% observed in the younger age group; 11% of the older homicidesuicides were familial, compared with 16% in the younger age group. Whereas only 3% of older homicide-suicides were infanticide/pedicide, 16% of the younger homicide-suicides involved parents killing their children. Forty-five states, including the District of Columbia, reported a homicide-suicide during the 3-year period, and they occurred most frequently in Florida (163), California (98), Texas (36), and New York (35). Newspaper surveillance is useful to identify where homicidesuicides are occurring most frequently, but they are underestimates of the true prevalence. However, the number of incidents detected is large enough that the cases detected may be a fairly representative sample.
There is no national surveillance system in the United States for homicide-suicides, which have been conservatively estimated to account for 1000 to 1500 deaths a year. Marzuk et al. (1) derived this estimate from the results of a Time magazine national survey of all deaths by guns in a 1-week period in 1989, when 11 gun-related homicide-suicides with 22 deaths occurred (2) . If these 7 days were representative of an average week, at least 572 suicide deaths and at least 572 related homicide deaths would be expected over a year. However, the number is probably higher, because although spousal/consortial homicide-suicides are the most common subtype, there are multiple victims in 10% to 15% of cases (3, 4) .
Homicide-suicides are an emerging public health concern (5) , with a mortality count similar to those of meningitis, pulmonary tuberculosis, influenza, and viral hepatitis (1) . However, recent studies indicate that the rate may be increasing in the United States, especially among older persons (5) (6) (7) . Furthermore, homicide-suicides have a traumatic and lasting impact on the health and well-being of family covictims and disrupt the communities in which they occur, especially when they involve mass killings (7, 8) .
Several prominent homicide-suicides have received national attention (9) . In May 1998, a 23-year-old corporal in the Pope's Swiss Guard killed the newly appointed commander of the Guard, aged 42, and his wife before turning the gun on himself in the Vatican. Also in May 1998, the comedian and actor Phil Hartman, aged 49, was shot and killed by his wife, Brynn, aged 41, before she committed suicide in Los Angeles. The April 1999 mass killings by two students at Columbine High School in Littleton, Colorado, were also a homicidesuicide. And on February 5, 2001, a 66-year-old recently fired employee at a factory outside of Chicago shot four fellow workers before killing himself.
Homicide-suicide rates have been consistently reported to range from 0.2 to 0.3 in 100,000 persons in most studies (1, 3, 10) , although a few investigators have reported higher rates of 0.4 to 0.5 per 100,000 persons (4, 11) . All these epidemiologic studies have been based on retrospective analyses of information from medical examiner and coroner reports, wherein the cause of death was classified according to the Ninth Revision of the International Classification of Diseases (ICD-9) external cause of injury codes, known as E-codes (12) . Homicidesuicides can be ascertained only by comparing homicide and suicide lists using available information, including date, name, location, and method of death.
There are no national or international data for homicide-suicide rates by age (5) , and this is probably because of the low base rates for all ages as well as the lack of an accepted operational definition of homicide-suicide for a surveillance system. However, Cohen et al. (5) reported the first descriptive epidemiologic study comparing the incidence, patterns, and clinical characteristics of homicide-suicide in younger and older persons. Cases were ascertained from 1988 to 1994 in four medical examiner districts covering seven counties in west central Florida and southeastern Florida: about 4.5 million people. Of the 171 homicide-suicides that occurred over the 7-year period, 58 (34%) occurred in the population 55 years and older, and 113 (66%) occurred in the population under 55 years. Forty-eight homicide-suicides (83%) were spousal/ consortial, 7 (12%) were familial, and 3 (5%) were nonfamilial. In the younger population, 89 (79%) were spousal/ consortial, 7 (6%) were familial, 11 (10%) were nonfamilial, and 6 (5%) were filicide-suicides (involving children).
The annual rates for all ages were higher than the 0.2 to 0.3 per 100,000 persons reported in other studies, and persons 55 years and older had homicide-suicide rates about two times higher than those younger than 55 years. The annual incidence rates ranged from 0.4 to 0.9 per 100,000 for persons aged 55 years and older, and homicide-suicides accounted for 12% of homicides and 2.4% of suicides. The results from an ongoing study of homicide-suicides in Florida suggest that rates are increasing (6) because of an actual increase in the number of cases per year in the older population. Homicide-suicide rates were ascertained for an 11-year period (1988 -1998) for two medical examiner districts in west central Florida (approximately 2.1 million people). Homicide-suicide rates doubled in persons 55 years and older but stayed about the same for younger persons. The prevalence in the older population over this period was 0.6 per 100,000 persons, compared with 0.3 per 100,000 for the younger population. Because homicide-suicides are rare events, increases in the number of cases can result in significant increases in the population rate.
Print media surveillance has been used to estimate the number of intentional injuries, including homicide-suicide (1, (13) (14) (15) (16) . Newspaper accounts are often sources of supplemental information to accompany medical examiners' and coroners' reports, but when they are used alone, there is significant variability in the accuracy and type of information provided. Newspapers have different policies for reporting intentional injury behavior, and they likely underreport intentional injuries (13) (14) (15) . Recommendations were recently proposed for media reports of suicide, including specific guidelines for reporting homicide-suicide and suicide pacts (17) . The implementation of these guidelines may affect the future value of newspaper stories for surveys of intentional injury surveillance.
This study had three objectives. The first was to use an Internet newspaper surveillance method to identify locations in the United States where the reported frequency of homicide-suicides was high and to obtain an estimate of the number of homicide-suicides by age occurring in each state. Although newspapers are not reliable as a sole source of intentional injury surveillance, a multiyear review would at least identify where clusters were occurring. The second objective was to select two medical examiner districts in Florida and compare the number of incidents reported in newspapers with those found in medical examiners' files. The third objective was to test the usefulness of a modified taxonomy for classifying homicide-suicides proposed by Hanzlick and Koponen (4) . If a national surveillance system were to be implemented, consensus about an operational definition of homicide-suicide as well as taxonomy of subtypes would be necessary.
METHODS

Newspaper Surveillance
Two Internet search engines were surveyed to identify the number of homicide-suicides occurring in the United States for 3 years from January 1, 1997, through December 31, 1999, as reported in 191 national newspapers. Newspapers from all 50 states were included in the search. Keyword searches used "homicide-suicide," "murder-suicide," "murder AND suicide," and "homicide AND suicide." Newspaper searches were conducted using the Internet search engine www.Lexis-Nexis.com for major newspapers such as the Miami Herald, the Washington Post, the New York Times, the Los Angeles Times, the Boston Globe, USA Today, and the Chicago Tribune. Searches for smaller newspapers were done using the Internet search engine for the Newspaper Association of America, www.naa.org. This covered newspapers such as the Orlando Sentinel, the San Francisco Examiner, the Honolulu Star-Bulletin, the Raleigh News-Observer, the Las Vegas Sun, and the Detroit Free Press. The criterion for identifying a homicide-suicide was a consensus by the two investigators who read the newspaper accounts that a person had committed a homicide(s) and then successfully committed suicide within 24 hours. Cases in which the perpetrator or victim(s) survived were excluded.
Comparison of Newspaper Reports and Medical Examiner Files
Records were ascertained from two medical examiner districts in Florida (District 11 and District 13) to compare the number of homicide-suicides that occurred during the 3-year period with the number reported in newspaper accounts for these areas. These districts were selected for comparison because each included one county with coverage by two major newspapers.
Homicide-Suicide Classification
Homicide-suicides were classified according to a modified taxonomy proposed by Hanzlick and Koponen (4), which defines five subtypes by perpetrator-victim relationship as well as probable motivations coded by 13 cofactors. The five relationship subtypes included (1) spousal/consortial, where the deceased couple were married, intimate friends, common-law partners, or homosexual partners; (2) familial, involving the deaths of family members; (3) infanticide/pedicides, where a parent killed one or more children under the age of 16; (4) extrafamilial, where the perpetrator and victim(s) were unrelated but were usually roommates, friends, or acquaintances; and (5) mass murders and workplace killings where at least three to five people were killed. The 13 cofactors included (1) impending divorce, (2) previous divorce, (3) real or perceived loss of a nonmarital partner, (4) jealousy, (5) retaliation, (6) mercy killing, (7) altruism, (8) financial stressors, (9) family stress or dysfunction, (10) alcohol, (11) drugs other than alcohol, (l2) psychiatric illness, and (13) unspecified or unknown factors. One cofactor, mercy killing, was redefined to specify homicide events in which the perpetrator was a caregiver. Mercy killing is not a scientific term (18) , and data on the patterns of homicide-suicide suggest that approximately 70% of these events are perpetrated by men who are depressed and burdened by caregiving responsibilities (5, 7, 9) .
RESULTS
A total of 673 homicide-suicide events, involving 1439 deaths, were identified over the 3-year period. The highest homicide-suicide counts for both older and younger perpetrators occurred in Florida (24%), followed by California (14%), Texas (5%), and New York (5%), as seen in Table 1 . The most frequent number of newspapers searched also included the states of Florida, Texas, and California. Table 2 describes the types of homicide-suicides ascertained by use of the Hanzlick-Koponen classification system. The majority of homicide-suicides were spousal/consortial (70.5%), followed by infanticide/pedicide (10.5%), extrafamilial (8.7%), familial (6.5%), and mass murders (3.7%). Most homicide-suicides involved guns (85.8%) and were perpetrated by men (89.2%). Table 3 describes homicide-suicides according to the age of the perpetrator. Approximately one quarter were perpetrated by persons aged 55 and older, almost always a man (95.4%), and they involved 189 victims. Three quarters were perpetrated by persons under the age of 55, also mostly men (87.3%), and they involved 590 victims. The average ages of the older and younger perpetrators were 70.5 years (SD ϭ 10.74) and 36.6 years (SD ϭ 9.79), respectively.
Most homicide-suicides involving older persons were spousal/consortial (76.3%), followed by familial (10.5%) and extrafamilial (7.9%). A total of 3.3% of older homicide-suicides involved a parent or grandparent killing a child, and there were 2 (1.3%) mass murders and 1(0.7%) workplace killing that involved an older perpetrator. An impending divorce or previous divorce was noted in 13.8% of older homicide-suicides, whereas caregiving was a factor in 31.6% of cases. Older homicide-suicide perpetrators used a gun most of the time (88.3%).
Most homicide-suicides in persons under the age of 55 were spousal/consortial (56.9%), followed by familial (16.4%), infanticide or pedicide (13.2%), and extrafamilial (9.8%). Eleven (2.7%) mass murders and four (1%) workplace killings were perpetrated by younger men. A total of 21.3% of younger homicide-suicides involved an impending or previous divorce, 2% involved a caregiving situation, and 4.9% of younger homicide-suicide perpetrators had a history of psychiatric treatment. As expected, guns were the most common method of death by younger homicide-suicide perpetrators (76.9%).
A comparison of the number of homicide-suicides reported in newspaper stories with homicide-suicides recorded in two Florida medical examiner districts revealed that newspapers reported 71% of homicide-suicides committed over the 3-year period. A total of 38 homicide-suicides were recorded in the two medical examiner districts, compared with 27 reported in the newspaper.
DISCUSSION
The average number of annual homicide-suicide deaths over the 3-year period was 50% to 66% lower than the 1000 to 1500 deaths per year estimated from a magazine survey (2) by Marzuk et al. (1) . In the absence of national data, the estimates by Marzuk et al. as well as the results of our 3-year survey are conservative estimates of the magnitude of the problem as well as geographic variability. However, the number of incidents detected in our survey is large enough that the cases may be a fairly representative sample.
Newspaper surveillance using Internet search engines is dependent on the number of newspapers included in the searches as well as variability in editorial decisions to publish and post homicide-suicide stories. Other limitations of newspaper research are the lack of detailed information and the uneven inclusion of papers in less populous regions of the country, such as Alaska, North Dakota, and South Dakota, as well as rural areas in southern states.
Homicide-suicides were most frequently reported in Florida, Texas, California, and New York: states with the largest total populations as well as numbers of older Total homicide-suicides reflects total number collected from newspaper searches. Nineteen events could not be classified from information provided.
* Indicates an inability to classify this variable because of limited information provided in newspaper accounts.
homicide-suicides reported, but may in fact have larger numbers of homicide-suicides because of the high suicide rates and fewer newspapers available for reports. There is a way to estimate the number of homicidesuicide deaths in the United States. Previous research has shown that homicide-suicides are 2.5% of homicides and 3.8% of suicides among persons under the age of 55 compared with 12% of homicides and 2.4% of suicides in persons aged 55 and older (5) . Applying these percentages to the number of suicide and homicide deaths from national mortality data (19) , we can conservatively estimate annual homicide-suicide deaths: 405 homicides and 830 suicides in younger persons and 200 homicides and 215 suicides among older persons in the United States, for a total of 1650 deaths per year resulting from homicide-suicide events.
Using the annual estimates of total homicide-suicides derived above, the number of cases identified in our newspaper survey from 1997 to 1999 represented 41% of the homicide-suicides occurring each year in the United States. The Florida comparison of newspaper reports with medical examiner counts showed a higher case capture rate of 71%, which cannot be generalized to other states. The two medical examiner districts covered largely urban areas, where the likelihood of a homicidesuicide being reported in the newspaper might have been higher than in remote rural areas. Although the national Internet newspaper survey identified fewer than half of all homicide-suicides that occurred each year, the large number of incidents detected may be a fairly representative sample of cases.
The results of this newspaper study support the findings of previous work on homicide-suicide in younger and older persons. The majority of events involve spouses or intimate partners (13,20 -23) ; male subjects are most often the perpetrators (1, 5, 13) ; and handguns are the most frequent method of death (13, 24, 25) . Within the limitations of the information presented in the newspaper stories, the results also confirm previous work on probable motivations. Marital conflict involving an impending or previous divorce in about a third of older couples is consistent with previous findings (5, 7) . Jealousy and conflict were the most common motivations reported for younger couples, which has also been suggested in previous research (5,21,23,26 -28) . The extent to which marital conflict might have been characterized by violence, at least in these cases, remains unclear. Domestic violence in older persons was first reported as an antecedent condition by Cohen et al. (5) , but the prevalence of a history of marital violence was difficult to assess from these newspaper accounts.
Several homicide-suicide events were characterized by situations in which the male perpetrator was a caregiver, including familial cases in which adult children caregivers killed their parents. Older men who are caregivers appear to be at risk for homicide-suicide (5, 29) . Physical illness in the perpetrator and/or victim has also been associated with homicide-suicide in older persons (5, 7, 30, (31) (32) (33) . Caregiving is a stressful burden, and persons providing care are known to be at risk for depression-a factor known to be related to homicide-suicide, especially in older male perpetrators (5, 19, 30, 34, 35) .
The Hanzlick-Koponen typology appears to be useful in classifying homicide-suicides. However, important information about these intentional injuries are not considered, including the ages of perpetrator and victim, occupation, and health status of persons involved-critical information for a national surveillance system. Many categories of the Hanzlick-Koponen typology could not be completed because the newspaper stories did not provide adequate information about age, race, or ethnicity; perpetrator/victim relationship; and the other cofactors. The presence of living witnesses was rarely mentioned in newspaper reports, and information regarding alcohol and other drugs was also rarely noted.
Because there is no national surveillance method for homicide-suicides, newspaper searches provide only a conservative estimate of the numbers of deaths and suggest trends in these events. Accurate accounting of ho- micide-suicides can be accomplished only through the use of a specific ICD-10 E-code classification similar to those used for homicide and suicide by the Centers for Disease Control. Although the development of new ICD codes requires a formal process, including a proposal submitted directly to the World Health Organization by a Collaborating Center within a definite timetable, it is feasible to do so and could be accomplished with the addition of a numerical designation to the already existing classification codes for homicide and suicide. For example, a death by homicide using a handgun is classified as E965.0, whereas a homicide caused by a firearm and as a result of a homicide-suicide could be designated E965.01. Similar classifications of homicide-suicide could occur with existing suicide E-codes. A homicidesuicide could also be coded on the death certificate in such a manner that information about the perpetrator and victim(s) could subsequently be retrieved through the use of the National Death Index. The implementation of a national surveillance system of homicide-suicides using standardized classification and reporting methods would be a valuable mechanism to identify and prevent this increasing public and mental health problem.
